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Thank you to the leadership and members of the Housing Committee for the opportunity to 
submit this testimony in support of S.B. 188, An Act Establishing the Healthy Housing Assistance 
Pilot Program, also known as the Healthy Housing Voucher Pilot program. By way of 
background, I am an Associate Professor in the Department of Health Policy Management at 
the Johns Hopkins Bloomberg School of Public Health and the Johns Hopkins School of 
Medicine. I have been part of the team that developed this proposal and, as a member of that 
team, drew on my extensive research into the connection between health and housing.  I 
provide this testimony in my own individual capacity. I am not representing the view or position 
of the Johns Hopkins University or Bloomberg School of Public Health, government agencies, or 
others. 
 
I am a practicing primary care physician and health researcher who, for over 10 years, has 
studied the connection between housing and health.  Through my clinical experience and 
research, I have observed the importance of affordable housing in health-promoting 
environments on health and well-being. 
 
Through my clinical practice, I have seen the trade-offs that my patients and their families make 
between paying for rent and paying for medicines.  I have witnessed the extreme stress of living 
in unstable housing, frequently described as symptoms of anxiety or depression.  In short, many 
of my patients have needed a prescription for affordable housing in healthy neighborhoods to 
get at the root of their health problems. 
 
Research in the area of housing and health supports my clinical experience on the critical 
connection between housing affordability, its neighborhood context, and health.  My research 
team recently published a study in JAMA (attached) that examined the long-term impact of 
receiving a voucher on health care use. The study made use of the Moving To Opportunity 
experiment and followed families for up to 21 years.  
 
Our key finding is that children who were exposed to lower levels of neighborhood poverty had 
lower levels of hospitalizations and hospital spending over the long-term follow-up.  For every 
10 percentage point reduction in neighborhood poverty that children were exposed to, they 
had on average, $152 less per year in the hospital spending.  It is important to note that current 
programs designed to help children move to low poverty neighborhoods may lead to much 
larger reductions in neighborhood poverty exposure.  And the fact that these reductions in 
hospital spending accrue over the long-term may lead to sizable financial and health benefits. 
 



With funding from the National Institutes of Health, I am currently working on another study in 
Baltimore.  We have been recruiting children with asthma who are participating in a housing 
mobility program in Baltimore that helps families move from neighborhoods of concentrated 
poverty into lower poverty neighborhoods. Initial results, though still preliminary, suggest a 
reduction in allergens known to trigger asthma and an improvement in asthma symptoms.   
 
In summary, both my clinical experience working as a primary care physician and my research 
support the importance of investing in housing mobility programs as one way to improve 
health. 
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IMPORTANCE Although neighborhoods are thought to be an important health determinant,
evidence for the relationship between neighborhood poverty and health care use is limited,
as prior studies have largely used observational data without an experimental design.

OBJECTIVE To examine whether housing policies that reduce exposure to high-poverty
neighborhoods were associated with differences in long-term hospital use
among adults and children.

DESIGN, SETTING, AND PARTICIPANTS Exploratory analysis of the Moving to Opportunity for
Fair Housing Demonstration Program, a randomized social experiment conducted in 5 US
cities. From 1994 to 1998, 4604 families in public housing were randomized to 1 of 3 groups:
a control condition, a traditional Section 8 voucher toward rental costs in the private market,
or a voucher that could only be used in low-poverty neighborhoods. Participants were linked
to all-payer hospital discharge data (1995 through 2014 or 2015) and Medicaid data (1999
through 2009). The final follow-up date ranged from 11 to 21 years after randomization.

EXPOSURES Receipt of a traditional or low-poverty voucher vs control group.

MAIN OUTCOMES AND MEASURES Rates of hospitalizations and hospital days,
and hospital spending.

RESULTS Among 4602 eligible individuals randomized as adults, 4072 (88.5%) were linked to
health data (mean age, 33 years [SD, 9.0 years]; 98% female; median follow-up, 11 years).
There were no significant differences in primary outcomes among adults randomized to
receive a voucher compared with the control group (unadjusted hospitalization rate, 14.0
vs 14.7 per 100 person-years, adjusted incidence rate ratio [IRR], 0.95 [95% CI, 0.84-1.08;
P = .45]; hospital days, 62.8 vs 67.0 per 100 person-years; IRR, 0.93 [95% CI, 0.77-1.13;
P = .46]; yearly spending, $2075 vs $1977; adjusted difference, −$129 [95% CI, −$497 to
$239; P = .49]). Among 11 290 eligible individuals randomized as children, 9118 (80.8%)
were linked to health data (mean age, 8 years [SD, 4.6 years]; 49% female; median follow-up,
11 years). Receipt of a housing voucher during childhood was significantly associated with
lower hospitalization rates (6.3 vs 7.3 per 100 person-years; IRR, 0.85 [95% CI, 0.73-0.99;
P = .03]) and yearly inpatient spending ($633 vs $785; adjusted difference, −$143 [95% CI,
−$256 to −$31; P = .01]) and no significant difference in hospital days (25.7 vs 28.8
per 100 person-years; IRR, 0.92 [95% CI, 0.77-1.11; P = .41]).

CONCLUSIONS AND RELEVANCE In this exploratory analysis of a randomized housing voucher
intervention, adults who received a housing voucher did not experience significant
differences in hospital use or spending. Receipt of a voucher during childhood was
significantly associated with lower rates of hospitalization and less inpatient spending
during long-term follow-up.
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H igh-poverty neighborhoods have been linked to higher
use of health care services and increased morbidity and
mortality.1,2 These neighborhoods are postulated to

harm health through a range of mechanisms,3 including lim-
ited access to health-promoting resources4,5 and increased ex-
posure to crime,6 low-quality housing,7 and environmental
toxins.8 Prior studies, however, have largely been observa-
tional and thereby limited by the nonrandom decisions fami-
lies make about where to live and other unobservable differ-
ences that may affect outcomes.

The Moving to Opportunity for Fair Housing Demonstra-
tion Program (MTO) provided a window into examining the
association of neighborhood poverty with long-term health
care utilization. In 5 states, 4604 families with children living
in selected public housing developments in high-poverty
neighborhoods were randomized to receive different types
of housing vouchers, thereby providing differential access
to low-poverty neighborhoods.9 Prior research comparing
these voucher groups with a control group observed some
positive health outcomes among adults10,11 and children12,13

and improvements in earnings and educational attainment
among children who were randomized at a young age.14

However, differences in self-reported measures of access to
health care, including having a usual source of care and use
of the emergency department, were not observed,9 although
self-reported measures may differ substantially from admin-
istrative records, which may cover longer periods of time and
have less misclassification.15

This study was designed to evaluate the association of re-
ceipt of housing vouchers with subsequent hospital utiliza-
tion and spending among adults and children by linking study
participants to state all-payer hospital discharge and Medic-
aid administrative data.

Methods
MTO Data
The US Department of Housing and Urban Development’s
(HUD) social experiment was designed to assess the effect of
residential location on economic, educational, and other
outcomes.9 This intervention was approved by the Office of
Management and Budget, HUD, and appropriate institutional
review boards. Written informed consent was obtained from
adults and written adult/parent consent and adolescent as-
sent was obtained for children and adolescents. The Johns
Hopkins School of Medicine Institutional Review Board ap-
proved the current analyses. From 1994 to 1998, residents of
public housing developments in 5 cities (Baltimore, Maryland;
Boston, Massachusetts; Chicago, Illinois; Los Angeles,
California; and New York, New York) who lived in selected pub-
lic housing developments located in high-poverty neighbor-
hoods (at least 40% poverty based on the 1990 US Census) were
invited to participate. Participants were randomized using
a computerized random-number generator to (1) receive an
experimental voucher to move to a low-poverty neighbor-
hood; (2) receive a traditional, unrestricted Section 8 voucher;
or (3) a control group that did not receive a voucher. The low-

poverty voucher group received short-term moving counsel-
ing and a voucher that could only be used to rent a home in a
low-poverty neighborhood, defined as a census tract with less
than 10% poverty. After 1 year, families with a low-poverty
voucher could relocate without restrictions on neighborhood
poverty. The traditional voucher group neither received mo-
bility counseling nor had restrictions on where they could rent
based on neighborhood poverty. Across the 3 groups, hous-
ing assistance limited household contributions to rent and
housing to a maximum of 30% of income.

Study Sample
Data on the primary adult respondents and children were pro-
vided by HUD. The study excluded participants without known
Social Security numbers and those who died before the years
of available administrative data. Participants were divided into
2 groups, adults and children (younger than 18 years) at the time
of randomization, and based on prior findings in the
literature,12-14 2 subcohorts of children were also examined:
(1) children younger than 13 years vs adolescents (aged 13-17
years) at randomization and (2) boys vs girls.

Administrative Health Data
State all-payer data, which include hospitalizations across
all payers, was obtained from 1995 to 2015 for California
and New York and from 2004 to 2014 for Massachusetts
(eAppendix A in the Supplement). The New York and California
data start the first full calendar year after randomization
and, depending on which year a participant was randomized,
continue through years 17 to 21 after randomization. The
Massachusetts data start 7 to 10 years after randomization and
continue through 17 to 20 years following randomization.

Medicaid claims data covering 1999 to 2009 for California,
Illinois, Maryland, and New York were requested from the
Research Data Assistance Center. These data correspond to

Key Points
Question Is receipt of a housing voucher associated with
subsequent rates of hospital utilization and spending in
long-term follow-up?

Findings In this exploratory analysis that included 4072 adults
and 9118 children with a median 11 years of follow-up, adults
randomized to receive a housing voucher, compared with a control
group, did not experience significant differences in outcomes
(rates of hospitalization, 14.0 vs 14.7 per 100 person-years;
hospital days, 62.8 vs 67.0 per 100 person-years; yearly spending,
$2075 vs $1977). Children whose families received a housing
voucher compared with a control group without a voucher had
significantly lower rates of hospitalization (6.3 vs 7.3 per 100
person-years) and yearly inpatient spending ($633 vs $785),
without a significant difference in hospital days (25.7 vs 28.8
per 100 person-years).

Meaning Receipt of a housing voucher was not associated with
significant differences in hospital use or spending among adults;
however, children whose family received a voucher had
significantly lower rates of hospitalization and inpatient spending
during long-term follow-up.
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years 1-5 through years 11-15 following randomization. Be-
cause the state all-payer data for California and New York cover
more years of utilization and include all participants, Medic-
aid data for California and New York from 1999 to 2009 were
used only in sensitivity analyses.

All records were linked to study participants based on
Social Security number, date of birth, and sex. To both have
the analyses represent as many participants as possible
across all 5 study sites and increase the sample size, the pri-
mary analyses pooled the all-payer hospital discharge data
from California, Massachusetts, and New York and Medicaid
data from Illinois and Maryland.

Dependent Variables
Three primary dependent variables were constructed: the
number of hospitalizations per year, the number of inpatient
hospital days per year, and total annual hospital spending
(eAppendix B in the Supplement). Each was top-coded at
the 99th percentile of nonzero values within each state’s
subsamples of adults and children to reduce the potential
influence of outliers. The primary analyses examined all
types of hospitalizations. The secondary analyses distin-
guished between hospitalizations initiated from the emer-
gency department vs hospitalizations not initiated from the
emergency department and between pregnancy-related vs
non–pregnancy-related hospitalizations.

State all-payer discharge data reported hospital charges.
Each claim’s charges were converted to costs using cost-to-
charge ratio data from the Centers for Medicare & Medicaid’s
Healthcare Cost Report Information System (HCRIS) for 1995
to 2015.16,17 HCRIS cost-to-charge data were merged to each
hospital by year for Massachusetts and New York, and zip code–
level annual mean cost-to-charge ratios were computed for
California. Total payments are reported in the Medicaid data
for all fee-for-service hospitalizations but are missing from
managed care organization admissions. Managed care pay-
ments were imputed based on mean payments per day from
the fee-for-service admissions. Hospital costs and payments
were inflated to 2015 dollars using the Personal Health Care
Expenditure inflator ratios from the Agency for Healthcare
Research and Quality.18

Main Independent Variables
The primary independent variable was being randomized to
receive a housing voucher vs the control condition. Consis-
tent with several prior studies,19-21 the analysis combined the
2 voucher groups when analyzing their association with out-
comes. Combining the voucher groups increased statistical
power and facilitated interpretation of the results. In sensitiv-
ity analyses, the voucher groups were analyzed separately
(eAppendix F in the Supplement).

Covariates
Covariates derived from the baseline survey included age, sex,
race/ethnicity, head-of-household educational status, and
whether the head of household was currently working, had ever
been married, or was younger than 18 years at the birth of their
first child. Study site, year of randomization, calendar year

(corresponding to the annual utilization/spending measure),
and indicators for any Medicaid managed care during the year
and partial-year Medicaid enrollment were also included as co-
variates (eAppendix C in the Supplement). Self-reported race/
ethnicity based on fixed categories was included given its
known association with neighborhood characteristics.22

Statistical Analyses
The analyses used longitudinal models with person-year as the
unit of observation (eAppendix D in the Supplement). Adults
and those who were children at the time of randomization were
examined separately; younger (<13 years old) vs older children
and boys vs girls were also examined separately. Negative bi-
nomial regression models were used to estimate incidence rate
ratios for annual hospitalizations and inpatient days. Standard
2-part models, in which the first part is a logistic regression for
any spending and the second part is a generalized linear model
with a log link and gamma distribution for nonzero spending,
were used to estimate differences in annual hospital spending.23

An offset term indicating the total months of available data for
a participant in a given year was included in all models. The key
independent variable was an indicator for being randomized to
either voucher group, and the models adjusted for the covari-
ates described above. Cluster-robust standard errors were es-
timated using generalized estimating equations to account for
both the correlation between repeated, annual observations
from the same individual and clustering of children within fami-
lies. Observations were weighted by the National Bureau of
Economic Research survey sample weights to control for pos-
sible confounding induced by the varying randomization prob-
abilities over the study’s accrual period.9 The consistency of the
association of the housing voucher intervention on the pri-
mary outcomes (1) over time and (2) between subgroups of chil-
dren (younger vs older; girls vs boys) was assessed through mod-
els that included the intervention, the subgroup, and their
interaction. Missing data on baseline characteristics (<5% of par-
ticipants) were imputed by site, study group, age, and sex.9 For
all analyses, P values are 2-sided and P < .05 indicates statisti-
cal significance. Because of the potential for type I error due to
multiple comparisons, findings of the analyses should be in-
terpreted as exploratory. Analyses were conducted using Stata
version 15.1 (StataCorp) and SAS version 9.4 (SAS Institute Inc).

Sensitivity and Additional Analyses
In sensitivity analyses, models were estimated with separate in-
dicators for the low-poverty voucher and Section 8 study groups
and, due to the heterogeneity of the data across states, years,
and sources, using several different combinations of data (eAp-
pendix F in the Supplement). Alternative specifications of the
outcome measures used different top-coding approaches and
used imputed payments for both Medicaid fee-for-service and
managed care. Additional analyses excluded person-year ob-
servations for participants known to live out of state in 2009.

Two additional sets of analyses were conducted to assist
with the interpretation of the magnitude of the findings. The
first set of analyses presents the magnitude of the difference
in hospital use for a 10-percentage-point decrease in neigh-
borhood poverty; however, these analyses should not be
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interpreted as isolating neighborhood poverty from other
neighborhood attributes associated with poverty. Consistent
with the approach of prior analyses,10,24 a 2-stage model was
estimated in which the first-stage model examined average cen-
sus tract poverty during the first 3 years after randomization
as a function of the study groups, the sites, and their interac-
tions, and the second-stage model examined utilization/
spending for year 4 onward as a function of the first stage’s pre-
dicted neighborhood poverty. A second set of analyses accounts
for the fact that not all participants who received a voucher
moved; also consistent with the approach of prior analyses,24

treatment-on-treated models were estimated to produce an un-

biased estimate of the magnitude for those who actually used
their voucher to move.

Results
Of the 4602 primary adult respondents, 4072 (88.5%) were in-
cluded in this study, contributing 54 569 total person-years of
data, with a median of 11 years of follow-up per person (Table 1).
Across study groups, the median adult age at randomization
was 32 years; 64% were black, 32% were Hispanic, and nearly
all (98%) were female. A quarter of the adults were employed

Table 1. Baseline Characteristics of the Matched MTO Study Populationa

Characteristics

Adult Sample (Aged ≥18 y at Randomization) Child Sample (Aged <18 y at Randomization)

Voucher Groups (n = 2806) Control Group (n = 1266) Voucher Groups (n = 6247) Control Group (n = 2871)
Age, median (IQR)b 32 (27-38) 33 (26-38) 8 (4-12) 7 (4-11)

Race, No./total (%)c

Black 1746/2757 (63) 794/1239 (64) 4027/6108 (66) 1788/2785 (64)

White 208/2757 (8) 103/1239 (8) 391/6108 (6) 207/2785 (7)

Other 803/2757 (29) 342/1239 (28) 1690/6108 (28) 790/2785 (28)

Hispanic ethnicity, No. (%)c 888 (32) 397 (32) 1874 (30) 935 (33)

Sex, No. (%)

Femaled 2751 (98) 1228 (97) 3133 (50) 1459 (51)

Male 55 (2) 38 (3) 3114 (50) 1412 (49)

Study site, No. (%)

Baltimore, Maryland 335 (12) 141 (11) 877 (14) 389 (14)

Boston, Massachusetts 607 (22) 309 (24) 1197 (19) 661 (23)

Chicago, Illinois 520 (19) 180 (14) 1418 (23) 456 (16)

Los Angeles, California 571 (20) 345 (27) 1325 (21) 775 (27)

New York, New York 773 (28) 291 (23) 1430 (23) 590 (21)

Never married, No. (%) 1699 (62) 780 (63)

Aged <18 y at first childbirth, No. (%) 687 (26) 296 (25)

Employed, No. (%)e 696 (26) 303 (25)

Enrolled in school, No. (%)e 456 (17) 197 (16)

High school diploma, No. (%)e 1046 (37) 458 (36)

GED certificate, No. (%)e 502 (18) 234 (18)

Neighborhood poverty rate in years 1-3
after randomization, mean (SD)f

37 (15) 47 (14) 38 (16) 47 (14)

Years of data, median (IQR)g 11 (10-18) 11 (11-18) 11 (10-18) 11 (11-18)

Years of Medicaid data, median (IQR)g 6 (3-9) 6 (3-10) 8 (5-11) 8 (5-10)

Years of all-payer data, median (IQR)g 18 (11-19) 18 (11-19) 18 (11-19) 18 (11-19)

Abbreviations: GED, General Education Development; IQR, interquartile range;
MTO, Moving to Opportunity for Fair Housing Demonstration Program.
a Numbers are unweighted data. Percentages were calculated with sample

weights accounting for changes in random-assignment ratios across
randomized study groups and for subsample interviews. Percentages include
imputed values. Omnibus χ2 tests failed to reject the null hypothesis that
baseline characteristics are the same between study groups (P = .72 for adults;
P = .98 for children).

b Imputed age at randomization in whole years.
c Race categories do not sum to total numbers because of missing data.

The “other” race category includes American Indian, Asian/Pacific Islander,
and other races. A Hispanic person could be a member of any race.

d Adult participants are mostly female because of the high proportion of
female-headed households and preferential selection of female respondents
in other households.

e Employment and current education status at baseline were self-reported by

each adult head of household in the year of randomization. Being employed
was defined as working either full time or part time for pay.

f Based on the proportion of households in a census tract with total family
income below the federal poverty line, weighted by the amount of time a
participant lived in each census tract.

g For the all-payer samples from California, New York, and Massachusetts, this is
the number of years potentially in the data, incorporating deaths. For the
Medicaid samples from Illinois and Maryland, this is the number of years
actually enrolled in Medicaid. Of the 54 569 person-years for adults in the
analyses, 46 159 (85%) were from all-payer data and 8410 (15%) were from
Medicaid data. Of the person-years of adult Medicaid data, 5911 (70%) were
full-year enrollment and 4210 (50%) were managed care. Of the 122 128
person-years for children at the time of randomization, 96 510 (79%) were
from all-payer data and 25 618 (21%) were from Medicaid data. Of the
person-years for children’s Medicaid data in the analysis, 20 099 (78%) were
full-year enrollment and 14 994 (59%) were managed care.
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and more than a third (37%) received a high school diploma.
Among the 11 290 participants who were randomized as chil-
dren, 9118 (80.8%) were included, contributing 122 128
person-years of data, with a median of 11 years of follow-up
per person. Their median age was 8 years at randomization
and 49% were female. There were no significant differences
in baseline characteristics between study groups in the adult
and child samples.

The mean neighborhood poverty rate during the first 3
years after randomization was 37% for the voucher groups com-
pared with 47% for the control group. Among households in
the low-poverty voucher group, 47% used their voucher, and
the mean neighborhood poverty rate was 37%. Among house-
holds in the traditional voucher group, 62% used their voucher,
and the mean neighborhood poverty rate was 38% (eAppen-
dix A in the Supplement).

Among participants who were adults at the time of ran-
domization, the subsequent unadjusted rate of hospitaliza-
tions during the entire follow-up period was 14.0 per 100 person-
years in the voucher groups vs 14.7 per 100 person-years in the
control group (Table 2). In adjusted analyses, there were no sta-
tistically significant differences in the rates of hospitalizations
(incidence rate ratio [IRR], 0.95; 95% CI, 0.84-1.08; P = .45), hos-
pital days (IRR, 0.93; 95% CI, 0.77-1.13; P = .46), or annual spend-
ing (difference, −$129; 95% CI, −$497 to $239; P = .49) be-
tween the voucher groups and the control group. Differences
in the housing voucher intervention’s associations over time for
adults were not observed for any of the primary outcomes
(Figure 1 and eAppendix E in the Supplement).

Among participants who were children at the time of ran-
domization, the unadjusted rate of hospitalizations during the
follow-up period was 6.3 per 100 person-years in the voucher

Table 2. Inpatient Hospitalizations, Inpatient Days, and Annual Spending Among Voucher Groups vs Control Groupa

Voucher Groups, Meanb Control Group, Meanb
Incidence Rate Ratio
or Adjusted Difference (95% CI)c P Value

Adults (n = 4072; 54 569 person-years)

Hospitalizations, No. per 100 person-years 14.0 14.7 0.95 (0.84 to 1.08) .45

Inpatient days, No. per 100 person-years 62.8 67.0 0.93 (0.77 to 1.13) .46

Hospital spending, $ 2075 1977 –129 (–497 to 239) .49

Children (n = 9118; 122 128 person-years)

Hospitalizations, No. per 100 person-years 6.3 7.3 0.85 (0.73 to 0.99) .03

Inpatient days, No. per 100 person-years 25.7 28.8 0.92 (0.77 to 1.11) .41

Hospital spending, $ 633 785 –143 (–256 to –31) .01

Younger children (n = 7244; 96 983 person-years)

Hospitalizations, No. per 100 person-years 5.3 6.6 0.82 (0.70 to 0.98) .02

Inpatient days, No. per 100 person-years 26.1 25.7 0.87 (0.71 to 1.07) .18

Hospital spending, $ 500 713 –196 (–307 to –84) <.001

Older children (n = 1874; 25 145 person-years)

Hospitalizations, No. per 100 person-years 9.9 10.2 0.97 (0.80 to 1.18) .75

Inpatient days, No. per 100 person-years 43.2 40.0 1.11 (0.77 to 1.61) .58

Hospital spending, $ 1133 1088 121 (–160 to 401) .40

Girls (n = 4526; 61 287 person-years)

Hospitalizations, No. per 100 person-years 9.4 10.9 0.86 (0.75 to 0.98) .03

Inpatient days, No. per 100 person-years 30.1 36.8 0.84 (0.70 to 1.01) .07

Hospital spending, $ 761 1039 –213 (–370 to –56) .01

Boys (n = 4592; 60 841 person-years)

Hospitalizations, No. per 100 person-years 3.1 3.8 0.86 (0.67 to 1.11) .24

Inpatient days, No. per 100 person-years 21.1 20.8 1.02 (0.75 to 1.38) .92

Hospital spending, $ 503 532 –20 (–159 to 118) .77
a Adults were aged �18 years at randomization; children were aged <18 years at

randomization; younger children were aged <13 years at randomization; older
children were aged 13 to 17 years at randomization; girls and boys were aged
<18 years at randomization.

b Hospital spending data are reported in annual dollars inflated to 2015 dollars.
For the number of hospitalizations and inpatient days, means were estimated
from intercept-only negative binomial regression models with an offset term
for the total months of available data for a person-year and survey sample
weights to account for varying sample probabilities over the accrual period;
for hospital spending, means were weighted average annual spending using
the survey sampling weights to account for varying sampling probabilities
during accrual.

c These estimates compare outcomes for everyone assigned to the voucher
groups with outcomes for everyone assigned to the control group, with

adjustments made for the set of baseline covariates as described in the text.
For the models using utilization count data (ie, the total number of annual
hospitalizations and the total number of annual hospital days), incidence rate
ratios were estimated from negative binomial models with an offset term
indicating the total months of available data for a person. For the models using
total annual hospital spending data, a difference in dollars was estimated from
2-part spending models, where the first part is a logistic regression for any
spending and the second part is a generalized linear model with a log link and
gamma distribution for nonzero spending; the 2-part model’s results are
presented as combined average marginal effects. The models included
survey sample weights to account for varying sampling probabilities over the
accrual period and accounted for the family unit by clustering all standard
errors by family.
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Figure 1. Annual Rates of Hospitalizations
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Rates are based on intercept-only negative binomial models for each year after
randomization with an offset term for the total months of available data for the
given year and survey sample weights to account for varying sample
probabilities over the accrual period. For the adults and children sample, the
available data in year 21 after randomization were limited to 47 and 90
observations, respectively; their corresponding rates are not included

in panel A or in the child subgroups in panels B and C. The median years of data
are 11 (interquartile range, 10-18) for both adults and children in the voucher
groups and 11 (interquartile range, 11-18) for both adults and children in the
control group. In adjusted models, the interactions for study group by child age
(panel B) and child sex (panel C) were not statistically significant, so no formal
statistical testing was performed.
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group vs 7.3 per 100 person-years in the control group (IRR,
0.85; 95% CI, 0.73-0.99; P = .03) (Table 2). The unadjusted
mean yearly hospital spending was $633 in the voucher groups
vs $785 in the control group (adjusted difference, −$143; 95%
CI, −$256 to −$31; P = .01). There were no statistically signifi-
cant differences in inpatient days for children (unadjusted rate
of 25.7 per 100 person-years in the voucher groups vs 28.8 per
100 person-years in the control group; adjusted IRR, 0.92; 95%
CI, 0.77-1.11; P = .41). Differences in the housing voucher in-
tervention’s associations over time for children were not ob-
served for any of the primary outcomes (Figure 1 and eAppen-
dix E in the Supplement).

With respect to subgroups, the association between re-
ceipt of a housing voucher and hospital spending was signifi-
cantly different for younger children compared with older chil-
dren (P = .02 for interaction) (eAppendix E in the Supplement).

Significantly lower yearly hospital spending was observed
among children whose families received vouchers at a younger
age (<13 years old) compared with the control group (adjusted
difference, −$196; 95% CI, −$307 to −$84; P < .001). No differ-
ences in hospital spending were observed among older chil-
dren (adjusted difference, $121; 95% CI, −$160 to $401; P = .40).

Similar findings were observed for some secondary out-
comes (ie, distinguishing between hospitalizations initiated
from the emergency department vs those not initiated from
the emergency department and between pregnancy-related vs
non–pregnancy-related hospitalizations) among children who
received a voucher compared with those in the control group
but not among adults (Figure 2).

The results were generally robust to the sensitivity analy-
ses (eAppendix F in the Supplement). In particular, results
from models that included separate indicator variables for the

Figure 2. Forest Plot of Primary and Secondary Hospitalization Outcomes

More Hospitalizations
in Control Group

More Hospitalizations
in Voucher Group

0.5 21
Rate Ratio (95% CI)

Voucher
No. of
Events

No. of
Person-Years

Control
No. of
Events

No. of
Person-Years

All hospital admissions

Rate Ratio
(95% CI)

5137 37 310 2455 17 259Adults 0.95 (0.84-1.08)
5169 82 773 2785 39 355All children 0.85 (0.73-0.99)
3427 65 320 2019 31 663Younger children 0.82 (0.70-0.98)
1742 17 453 766 7692Older children 0.97 (0.80-1.18)
3903 41 759 2064 19 528Girls 0.86 (0.75-0.98)
1266 41 014 721 19 827Boys 0.86 (0.67-1.11)

Hospital admissions from emergency department
2387 37 310 1195 17 259Adults 0.90 (0.76-1.07)
1912 82 773 1165 39 355All children 0.78 (0.62-0.96)
1312 65 320 944 31 663Younger children 0.71 (0.57-0.90)
600 17 453 221 7692Older children 1.18 (0.87-1.60)
1137 41 759 709 19 528Girls 0.76 (0.59-0.96)
775 41 014 456 19 827Boys 0.81 (0.61-1.08)

Hospital admissions not from emergency department
2762 37 310 1286 17 259Adults 0.97 (0.84-1.12)
3242 82 773 1640 39 355All children 0.90 (0.81-1.00)
2103 65 320 1083 31 663Younger children 0.92 (0.82-1.04)
1139 17 453 557 7692Older children 0.86 (0.72-1.03)
2759 41 759 1364 19 528Girls 0.92 (0.83-1.01)

Hospital admissions not for pregnancy/childbirth
4289 37 310 2040 17 259Adults 0.94 (0.81-1.10)
2540 82 773 1469 39 355All children 0.82 (0.67-1.02)
1757 65 320 1160 31 663Younger children 0.78 (0.63-0.98)
783 17 453 309 7692Older children 1.05 (0.75-1.48)
1256 41 759 736 19 528Girls 0.80 (0.63-1.02)

483 41 014 276 19 827Boys 0.89 (0.68-1.18)
Hospital admissions for pregnancy/childbirth

863 36 512 435 16 756Adult women 0.93 (0.80-1.09)
2642 41 759 1335 19 528Girls 0.91 (0.84-1.00)
1672 32 479 868 15 495Younger girls 0.93 (0.84-1.03)
970 9280 467 4033Older girls 0.92 (0.80-1.06)

Hospitalizations were categorized according to whether or not they originated
in the emergency department or were related to pregnancy/childbirth.
Incidence rate ratios are expressed as the voucher groups relative to the control
group and were derived from negative binomial regression models for the count
of hospitalizations with person-year as the unit of observation and adjustments

made for the set of covariates described in the text. The models included survey
sample weights to account for varying sampling probabilities over the accrual
period and accounted for family unit by clustering all standard errors by family.
The size of the data markers is proportional to the number of person-years of
data available.
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2 voucher groups were not significantly different from each other
for any outcome, thus supporting the approach of combining the
voucher groups in the analyses. Using different combinations of
data suggested that including all-payer data (compared with ana-
lyzing Medicaid data alone) yielded larger differences in hospi-
tal spending between study groups, although with overlapping
confidence intervals (eg, the adjusted difference for voucher vs
control hospital spending among children was −$21 [95% CI,
−$128 to $87] when using the Medicaid data alone and −$142
[95% CI, −$279 to −$5] when analyzing only all-payer data
(eTables F3-F7 in eAppendix F in the Supplement).

Additional analyses present the difference in hospital use as-
sociated with a 10-percentage-point decrease in neighborhood
poverty(Table3).Forchildrenatrandomization,a10-percentage-
point decrease in average neighborhood poverty during years 1
through 3 after randomization was significantly associated with
a lower admission rate (IRR, 0.88; 95% CI, 0.80-0.99; P = .03)
and $133 less in yearly hospital spending (95% CI, −$237 to −$28;
P = .01), but there was no significant difference in hospital days
(IRR, 0.93; 95% CI, 0.79-1.10; P = .41). Additional treatment-on-
treated analyses show the alternative magnitudes of the rela-
tionship when accounting for nonuniversal voucher take-up
(eAppendix E in the Supplement).

Discussion
In this exploratory analysis, among participants who were ran-
domized as adults there were no significant associations of
voucher receipt and neighborhood poverty exposure with hos-
pitalizations, hospital days, or spending. However, among par-
ticipants who were children at the time of randomization, re-

ceipt of a voucher and lower exposure to neighborhood poverty
were associated with a significantly lower rate of hospitaliza-
tions and less inpatient spending but no significant differ-
ence in hospital days compared with children in the control
group. These findings are potentially relevant for the approxi-
mately 4 million children living in low-income households re-
ceiving HUD assistance25; these children live in neighbor-
hoods with a mean neighborhood poverty rate of 27%,26 and
policy attention has focused on efforts to reduce neighbor-
hood poverty exposure.27,28

The nonsignificant findings for those who were adults at
the time of randomization and the significant findings among
those who were children, and especially young children, at the
time of randomization are consistent with the economic out-
comes examined by Chetty and colleagues,14 who observed a
14% increase in earnings and 16% increase in college atten-
dance among children whose families received a voucher when
the children were at a young age. These economic differences
are similar to the health care findings observed herein among
younger children who received a housing voucher: a lower hos-
pitalization rate and less annual hospital spending. The ob-
served differences in annual inpatient spending were persis-
tent over a long period (up to 21 years in the current study) and
would thus be associated with large cumulative differences.

In accordance with a life-course perspective,29 it is pos-
sible that neighborhood poverty exposure may be particu-
larly important for subsequent health care use during certain
developmental windows. Future analyses could consider
whether alternative outcomes other than those examined
herein—for example, focusing on outpatient care—may bet-
ter correlate with the reductions in diabetes and obesity ob-
served in adults in prior analyses.10

Table 3. Hospital Use Associated With a 10-Percentage-Point Decrease in Predicted Neighborhood Poverty Ratesa

Hospitalizations Inpatient Days Hospital Spending, $

Incidence Rate Ratio (95% CI)b P Value Incidence Rate Ratio (95% CI)b P Value Absolute Estimate (95% CI)b P Value
Adults 0.95 (0.85-1.08) .45 0.94 (0.80-1.11) .46 –68 (–424 to 288) .71

Children 0.88 (0.80-0.99) .03 0.93 (0.79-1.10) .41 –133 (–237 to –28) .01

Younger children 0.88 (0.79-1.00) .05 0.93 (0.79-1.11) .45 –152 (–256 to –49) .004

Older children 0.90 (0.78-1.05) .20 0.83 (0.61-1.15) .27 –23 (–287 to 242) .87

Girls 0.89 (0.81-0.98) .02 0.88 (0.76-1.01) .08 –188 (–335 to –42) .01

Boys 0.90 (0.74-1.10) .30 1.00 (0.76-1.30) .98 –38 (–170 to 94) .57
a Adults were aged �18 years at randomization; children were aged <18 years at

randomization; younger children were aged <13 years at randomization; older
children were aged 13 to 17 years at randomization; girls and boys were aged
<18 years at randomization.

b These models used predicted reductions in neighborhood poverty as the key
explanatory variable for hospital utilization/spending, with these estimates
specifically showing the change in outcomes associated with a
10-percentage-point decrease in predicted neighborhood poverty exposure
(to be consistent with the housing voucher intervention’s association with
reductions in neighborhood poverty compared with the control group). The
first-stage regression was an ordinary least-squares model with the mean
duration-weighted percentage of households in the census tract with incomes
above the poverty line as the dependent variable (so that differences in this
first-stage outcome and subsequent predictions can be interpreted as a
reduction in poverty), the study group voucher indicators and the site and
study group voucher interactions as the main predictors, and the baseline
characteristics and sites as controls. For the main analyses, the second-stage

regression uses the predicted duration-weighted percentage of families above
the poverty line from years 1 through 3 after randomization as the key
explanatory variable and hospital utilization/spending from years 4 through 21
after randomization as the dependent variable, adjusting for baseline
covariates. For the models using utilization count data (ie, the total number of
annual hospitalizations and the total number of annual hospital days),
incidence rate ratios were estimated from negative binomial models with an
offset term indicating the total months of available data for a person. For the
models using total annual hospital spending data, a difference in dollars was
estimated from 2-part spending models, in which the first part is a logistic
regression for any spending and the second part is a generalized linear model
with a log link and gamma distribution for nonzero spending; the 2-part
model’s results are presented as combined average marginal effects. The
models included survey sample weights to account for varying sampling
probabilities over the accrual period and accounted for the family unit by
clustering all standard errors by family.
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Limitations
This study has several limitations. First, the observed reduc-
tion in hospital utilization may have been due to better health,
decreased access to care if health remained constant, or some
combination of both; health care use is a function of multiple
factors, including access, that may have been affected by the
study and warrants careful scrutiny. For instance, families who
moved to different neighborhoods as a result of the voucher
receipt may have experienced health care at hospitals and other
facilities that differ in their practice style, billing practices, and
other aspects of care, which may affect the findings. Future
analyses could link participants to locational data on health
care resources to assess potential access to care. Second, the
generalizability of the study is limited, as only 23% of eligible
families volunteered to participate in the study.9 Moreover, up-
take of the vouchers was relatively low, and among those who
moved, the duration of time in a low-poverty neighborhood
was often short. At the same time, exposure to neighborhood
poverty decreased in the control group over time, which, taken
together, may attenuate differences between study groups.
Third, there were several limitations of the health utilization
data. There were nontrivial missing data for the data linkage
based on lack of Social Security numbers, and there were also
no baseline health data for study participants, although it is
unlikely these factors were different across study groups. For
the all-payer data, eligible participants who did not link up to

any claims were assumed to have no hospital claims during the
year; this assumption may be incorrect for participants who
moved out of state. Although significant differences in out-
of-state residence in 2009 by study group were observed for
the adult sample but not for the child sample (eAppendix A
in the Supplement), sensitivity analyses were robust to
excluding data for these participants (eAppendix F in the
Supplement). Analyzing all-payer and Medicaid data to-
gether poses challenges related to the differences between
them (eg, charges/costs vs payments), which are adjusted for
in the models. There are also limitations with the Medicaid
data, including the need to impute managed care organiza-
tion payments30 and potential differences in Medicaid enroll-
ment related to the experiment, even though analyses did not
find differential overall or managed care enrollment by study
group (eAppendix C in the Supplement).

Conclusions
In this exploratory analysis of a randomized housing voucher
intervention, adults who received a housing voucher did not
experience significant differences in hospital use or spend-
ing. Receipt of a voucher during childhood was significantly
associated with lower rates of hospitalization and less inpa-
tient spending during long-term follow-up.
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